Objective. Complex regional pain syndrome (CRPS) describes a broad spectrum of symptoms that predominantly localize to the extremities. Although limb fracture is one of the most frequently reported triggering events, few large-scale studies have shown the occurrence of and factors associated with CRPS following limb fracture. This study aimed to show the occurrence and identify of those factors.
Introduction
Complex regional pain syndrome (CRPS) is a poorly understood syndrome that describes a broad spectrum of sensory, motor and autonomic-like features that predominantly manifest in the extremities. CRPS is usually encountered in patients recovering from limb trauma and they complain of intense pain that is disproportionate to the inciting event. Furthermore, the activities of daily living are significantly impaired in many CRPS patients because of this intense perceived pain [1] . While the underlying pathophysiological mechanisms of CRPS remain controversial, the autonomic-like, trophic and motor disturbances are key features of CRPS, with the exception of spontaneous pain and allodynia. To elucidate the mechanisms of CRPS onset, some investigations have categorized CRPS into several subgroups based on the key features or somatosensory abnormalities [2, 3] . Since CRPS patients frequently present with different features (e.g. redness or pallor of the skin) and/or somatosensory abnormalities (e.g. hyperalgesia or hypoaesthesia) at various intervals, CRPS is often categorized on the basis of disease duration and the presence of certain features related to these intervals [4, 5] . Given this close temporal clustering of CRPS symptoms and signs, it may be assumed that focusing on a particular time frame for patients with CRPS provides a relatively homogeneous CRPS subgroup for investigations as to its aetiology.
Since the clinical features of CRPS are so diverse, another approach would be to analyse patient demographic data, particularly in terms of a potential triggering event. Limb fracture is one of the most frequently reported triggering events [6] . In attempting to gather a homogeneous CRPS study population, Schurmann et al. [7] recruited patients with a limb fracture and demonstrated that the sympathetic nervous system in the affected limb could possibly predict the development of CRPS. Another investigation that included patients with a fracture reported that no psychological factors could predict the development of CRPS, indicating that anxiety and depression are not predisposing factors for CRPS [8] . Furthermore, a prospective evaluation of CRPS patients after fracture revealed that specific bone fractures (i.e. dislocation and intra-articular fracture) are associated with an elevated incidence of CRPS [9] . Therefore, focusing on the triggering events for CRPS, in addition to the time frame, may help to disentangle the underlying mechanisms of its aetiology. However, the precedent study included a mixed-fracture patient cohort, with varied disease duration (within 1 year) and varied treatments for the fracture. As a result, the study identified a diverse array of features for CRPS; for instance, the prevalence of CRPS at 3 months after fracture increased significantly from that at the time of plaster removal (6 weeks after the fracture), but decreased again by the 1-year mark [9] . Therefore a focus on the triggering events for CRPS proved inadequate as an independent method to elucidate the mechanisms of CRPS onset.
In the present study we sought to find a close-tohomogeneous population and thus sampled data from CRPS patients with at least one common aetiology (i.e. limb bone fracture), one common treatment [i.e. open reduction and internal fixation (ORIF)] and one common phase of disease (i.e. the acute phase of CRPS immediately after bone fracture). We used a nationwide, inpatient database to collect the data because the incidence of CRPS is very low: 5.5 and 26.2 cases per 100 000 person-years in the USA [10] and the Netherlands [6], respectively. Our objectives were to specify the demographic and medical factors that most likely constitute a risk of developing CRPS and to search for potential interventions to reduce the occurrence of CRPS in these limb fracture patients.
Materials and methods

DPC database
We used the nationwide inpatient database, the Japanese Diagnosis Procedure Combination (DPC) database, to collect the data. The details of the DPC inpatient database are described elsewhere [11, 12] . Briefly, the DPC is a Japanese case-mix classification system linked with a lump-sum payment system. All 82 academic hospitals are obliged to adopt the DPC system, while community hospitals can voluntarily adopt it. A survey of DPC hospitals is conducted between July 1 and December 31 each year by the DPC Research Group, funded by the Ministry of Health, Labour, and Welfare, Japan. The survey includes anonymous data of 3.19 million discharged cases from 952 acute care hospitals in 2010, representing 45% of all admissions to acute care hospitals in Japan. The database includes the following data: the unique identifier of each hospital; patients' age and sex; main diagnoses, co-morbidities at admission and complications after admission that are coded by the International Classification of Diseases 10th Revision (ICD-10) codes; procedures coded by Japanese original codes; duration of anaesthesia (min); length of stay (days) and in-hospital mortality. Co-morbidities present at admission are clearly differentiated from complications after admission. Attending physicians are obliged to record the diagnoses for each patient at discharge with reference to medical charts to optimize the accuracy of the recorded diagnoses. Data compliance is mandatory to obtain reimbursement of medical fees.
The DPC database is a secondary database of administrative claims data. All the data were de-identified in each hospital and the anonymized data were sent to the study group. Informed consent to each patient was therefore waved because of the anonymous nature of the data. Study approval was obtained from the Institutional Review Board at the University of Tokyo.
Data extraction
We identified the records of all patients in the DPC database who underwent surgical repair (i.e. ORIF) for fracture of upper and lower limbs during 200710, including fracture of the shoulder and upper arm (ICD-10 code, S42), fracture of the forearm (S52), fracture at the wrist and hand level (S62), fracture of the femur (S72), fracture of the lower leg (S82), fracture of the foot (S92) and fractures involving multiple regions of the upper and lower limbs (T02.2T02.6). For each patient we extracted the following data: sex, age, main diagnosis, type of surgery, duration of anaesthesia (ranging from the time of induction of anaesthesia to awakening in recovery), type of anaesthesia, length of stay and discharge status.
Fracture sites were categorized into the following three groups: upper limbs (ICD-10 codes, S42, S52 and S62), lower limbs (S72 and S82 and S92) and multiple regions (T02.2T02.6). The duration of anaesthesia was categorized into three subgroups: 4119 min, 120179 min or 5180 min. Regional anaesthesia included spinal www.rheumatology.oxfordjournals.org anaesthesia, epidural anaesthesia and peripheral nerve blocks.
We identified patients who were postoperatively diagnosed with CRPS during hospitalization with an ICD-10 codebased searching algorithm, including the ICD-10 code M89.0 (algodystrophy, shoulderhand syndrome, Sudeck's atrophy or reflex sympathetic dystrophy) and G56.4 (causalgia). Japanese physicians have quite strictly diagnosed CRPS since 2005 on the basis of the original Japanese criteria [i.e. (i) continuing pain disproportionate to any inciting event and (ii) the presence of at least two symptoms and at least two signs of sensory, sudomotor, oedema, motor and trophic abnormalities] [13] ; this criteria follows that set by Bruehl et al. [14] and was first published in 2005. Among these patients, a diagnosis of a peripheral nerve injury was further identified by the ICD-10 code that indicates a specified peripheral nerve injury (G56.1, G56.2, G56.3, G57.0, G57.2, G57.3, G57.4, G57.6, S44$, S54$, S64$, S74$, S84$, and S94$). The ICD-10 code includes symptom diagnosis, which sometimes indicates persistent pain itself but does not always indicate the presence of nerve injury [e.g. other nerve root and plexus disorders (G54.8)]. Therefore we gathered data on patients reliably coded with M89.0 and G56.4 to minimize the risk of including non-CRPS patients in a CRPS research sample.
Statistical analyses
We performed univariate comparisons of proportions using the chi-square test. Univariate and multivariate logistic regression analyses were performed to examine the relationships of each factor with the occurrence of postoperative CRPS. Differences were considered to be statistically significant at P < 0.01. All analyses were performed using SPSS software, version 19 (IBM SPSS, Armonk, NY, USA).
Results
Of the 11.6 million inpatients included in the DPC database during 200710, we identified 185 378 eligible patients. The background characteristics of the patients are shown in Table 1 and 31 days (IQR 2150) following upper and lower limb fracture surgery, respectively. Among these, 39 patients matched the ICD-10 code criteria of CRPS and 4 patients were diagnosed with a co-morbid specified nerve injury in addition to CRPS. Table 2 shows the relationships between various factors and the occurrence of postoperative CRPS. Patients with upper limb fractures had a significantly higher rate of developing CRPS than patients with lower limb fractures (0.058% vs 0.006%, P < 0.001). Age and sex were not significantly related to the occurrence of CRPS. A longer duration of anaesthesia was significantly associated with more frequent postoperative CRPS. Regional anaesthesia was also significantly related to the development of CRPS.
The results of the logistic regression analyses are shown in Table 3 . In the multivariate model, patients with fractures of the forearm, wrist and hand tended to show a relatively higher rate of CRPS [odds ratio (OR) 2.81, P = 0.012] as compared with those patients with fractures of the shoulder or upper arm. In contrast, patients with femoral fractures showed a significantly lower rate of CRPS (OR 0.05, P < 0.001). Patients ages 6079 years showed a higher rate of CRPS, but this result was not significant (OR 2.15, P = 0.062). The rates of CRPS were not significantly different between males and females. The group with a long duration of anaesthesia (5180 min) showed a higher rate of CRPS as compared with the group with a short duration of anaesthesia (4119 min) (OR 5.73, P < 0.001); however, the use of regional anaesthesia did not significantly contribute to a decrease in the rate of CRPS.
Discussion
In the present study we found that the demographic data of Japanese CRPS patients were different from those of American and Dutch CRPS patients [6, 10] . While the age distribution of our CRPS patients showed one peak around 60 years of age, which is almost compatible with the American and Dutch CRPS populations, a second peak was observed at 20 years of age, which is quite disparate. We found that patients with upper limb fractures developed CRPS more frequently than those with lower limb fractures. Some previous reports support this observation; e.g. several studies report that Colles' fracture of the radius has a much higher association with CRPS than other fracture sites [6, 10, 15] . However, the precedent prospective study showed a higher incidence of CRPS in patients with lower limb fracture than those with upper limb fracture [9] . A common characteristic among these previous studies and our present study is that fractures to the distal end of either the upper or lower limbs are at a higher risk of co-morbid CRPS. It has been generally considered that CRPS occurs more frequently in females than in males [6, 10], but our study showed no significant difference between males and females in the rate of CRPS following limb fracture. Because middle-aged and elderly female patients usually also suffer from osteoporosis, the absolute number of patients with bone fracture is much larger for females than for males. As such, this high incidence of female CRPS patients in older cohorts of previous epidemiological studies would be more noticeable [1, 16] . Furthermore, large populations of female CRPS patients might have other causative aetiologies aside from bone fracture as compared with male patients. Our present findings show that females with bone fractures do not appear to have a higher risk of developing CRPS as compared with their male counterparts. The estimated overall incidence of CRPS was 0.026% and 0.0055% per year in the Dutch and American general populations, respectively [6, 10] . Although bone fracture is one of the major causes of CRPS and patients with bone fracture are generally at increased risk for the development of CRPS, the rate of CRPS in patients with ORIF for limb fracture in our study was 0.021%. This is lower than the estimated 22% following the International Association for the Study of Pain (IASP) criteria [17] and 5% following the criteria of Bruehl et al. [14] for the only other study to prospectively evaluate the development of CRPS in 600 patients with limb bone fracture within 6 weeks after injury [9] . The IASP criteria include a combination of (i) the presence of an initiating noxious event or a cause of immobilization; (ii) continuous pain, allodynia or hyperalgesia with which pain is disproportionate to any inciting event; (iii) evidence at some time of oedema, changes in skin blood flow or abnormal sudomotor activity in the region of the pain and (iv) the absence of a condition that would otherwise account for the degree of pain and dysfunction [17] . Comparatively the criteria by Bruehl et al. [14] include (i) continuing pain disproportionate to any inciting event and (ii) the presence of at least one symptom and two signs each of a sensory, vasomotor, sudomotor/oedema and motor/trophic nature. The IASP criteria are highly sensitive but with a low specificity, whereas the criteria by Bruehl et al. have a moderate-tohigh sensitivity as well as a relatively high specificity. The fact that Japanese physicians have quite strictly diagnosed CRPS since 2005 on the basis of the original Japanese criteria [13] might contribute to the different prevalence rates between our study and the earlier prospective study [9] . In addition, a genetic contribution to pain perception in CRPS patients has been reported [18] , and the genetic differences between Japanese and Dutch patients might contribute to the differences in the incidence of CRPS between these two investigations.
We consider that such distinct characteristics of our patients are possibly attributable to our efforts to gather a close-to-homogeneous population and thus recruiting only patients who were diagnosed with CRPS during hospitalization immediately after ORIF for limb bone fracture. Early in the postoperative period, physicians are generally reluctant to assign a diagnosis of CRPS. This may explain why the prevalence of the diagnosis of CRPS increased between 6 weeks to 3 months in the precedent prospective study [9] . We sampled data from CRPS patients within the very acute phase of the postoperative period. Such a limited observation period might result in a possible underestimation of the true prevalence of CRPS. Because of the difference in health care systems between Japan and Western countries, our length of hospital stay was generally longer than those in other reports [19] .
There will be a certain number of patients with falsenegative diagnoses of CRPS. Approaching this topic from a different angle, in many patients, complaints begin and continue after the inciting event. However, it is clinically uncommon for patient complaints to begin during the period of time elapsed from the inciting event [16] . In addition, there was close temporal clustering of CRPS in ours and other cohorts [4, 5] . Thus it is unlikely that our data would include a considerable number of the false-negative cases. We should consider the likelihood of falsepositive cases in the present study. Since the DPC system did not include any records of signs and symptoms of CRPS, we cannot confirm the diagnostic validity of our study retrospectively. However, to enhance specificity in the diagnosis of CRPS, we sampled patients who were reliably coded with CRPS (ICD-10 codes M89.0 and G56.4) and did not include those who were coded with a symptomatic diagnosis of neural disorders. This was because CRPS should be diagnosed in the absence of an alternative condition that would otherwise account for the pain. In addition to these considerations, and because of the reluctance of physicians to assign a diagnosis of CRPS early in the postoperative period, we assume that our data describe a well-selected, albeit small, cohort with few false-positive cases.
To cluster a close-to-homogeneous CRPS subgroup, we gathered only patients who were diagnosed with CRPS during hospitalization immediately after ORIF for limb fracture. Our approach may thus permit better identification of risk factors for the development of CRPS after ORIF for limb fracture early during the postoperative period with distinct characteristics. It should be noted therefore that the results cannot be generalized across all CRPS patients, but is applicable to those patients within a specific CRPS subgroup.
The underlying pathophysiological mechanisms of CRPS remain controversial. One possible explanation is that CRPS stems from neuropathic pain. Limb fractures, including dislocations, can induce peripheral nerve injuries. We found 4 of 39 patients diagnosed as a specified nerve injury; this figure is much larger than the reported 12% incidence of nerve injuries induced by limb trauma [20] . In the majority of reported cases, a diagnosis of peripheral nerve injury was made within 4 days of admission [21] . Because our observation period was sufficient, with a median length of stay of at least 8 days, our data would have been satisfactory to detect most of the peripheral nerve injuries occurring subsequent to fracture. Here we found that a longer duration of anaesthesia was associated with a higher incidence of CRPS. This longer requirement for anaesthesia might suggest the occurrence of more severe fractures in our patients and thereby a higher rate of nerve injury. Supporting evidence for this consideration comes from the fact that more severe traumas, such as crushing injuries, can lead to a higher rate of nerve injury [20] . Indeed, in the present study, patients with multiple fractures to the upper and lower limbs were plausibly considered to be the result of highenergy trauma. However, these multiple-fracture patients showed a relatively low association with CRPS. In contrast, we found that patients with fractures to the distal end of either the upper or lower limbs were at a higher risk of co-morbid CRPS. The frequency of nerve injuries to the humerus or femur in response to fracture is reported to be similar to that of the ulna or tibia [20] . These results argue against the hypothesis that more severe traumatic injury is followed by an increased prevalence of nerve injury and suggest that neuropathic pain alone cannot explain the underlying causes of CRPS.
This study aimed to search for any interventions that could contribute to a reduction in the development of CRPS patients in our subgroup of patients. We focused on the relationship between regional anaesthesia and the occurrence of CRPS because regional anaesthesia combined with general anaesthesia may be better than general anaesthesia alone for treating bone fracture patients with ORIF by blocking afferent nociceptive signals from the wound and the bone fracture into the central nervous system and helping to prevent the development of CRPS that can persist long after healing [22] . However, we did not find this to be the case. Instead, in perioperative factors we found that a longer duration of anaesthesia was associated with a higher occurrence of CRPS. In Japan, tourniquet inflation is used to decrease blood loss and improve the operative field visually during standard ORIF for distal end fractures of the upper and lower limbs. We can assume that the longer duration of anaesthesia implies not only a longer operation time, but also a longer inflation period using the tourniquet. Nerve compression and ischaemia by tourniquet inflation induces an increase in spontaneous activity and expansion of the receptive fields of the spinal nociceptive neurons, especially those with receptive fields located proximal to the tourniquet. This results in widely expanded areas of hyperalgesia and allodynia, such as CRPS, in the exposed limb [23] . If we consider that regional anaesthesia could prevent CRPS, one possible underlying cause of the pathological pain associated with CRPS is the central sensitization of the spinal nociceptive neurons induced by continuous nociceptive inputs from wound, bone fracture and ischaemic tissue and neuropathic inputs from nerve compression by tourniquet inflation. However, this mechanism is unlikely, given the present result that regional anaesthesia showed no relationship to the prevalence of CRPS. We propose the ischaemiareperfusion injury theory as an alternative explanation for the relationship between a higher rate of CRPS and the longer duration of anaesthesia. Reperfusion subsequent to prolonged occlusion of the blood flow to one limb results in hyperalgesia and allodynia, and moreover the exposed limb exhibits an initial phase of CRPS features, such as hyperaemia and oedema [24] . A large body of clinical evidence suggests that, in at least a subset of CRPS patients, the fundamental cause of abnormal pain sensations and CRPS-based symptomatology is ischaemia reperfusion injury followed by sustained inflammation due to microvascular pathology in deep tissues [25] . Our proposal is supported by the present results that, although there was a longer duration of anaesthesia with ORIF procedures for both upper and lower limb fractures www.rheumatology.oxfordjournals.org than with a single ORIF procedure for either an upper or lower limb fracture, multiple fractures showed a relatively low association with CRPS. Therefore a longer inflation period with a tourniquet on an exposed limb may be the cause of CRPS.
Several limitations in this study should be acknowledged. First, the recorded diagnoses in the administrative claims database are generally less well validated than those in planned prospective surveys. Second, because the database does not include information on the patients' signs and symptoms or laboratory data, underreporting or biased reporting (withholding sensitive cases) may have potentially led to over-and underestimation of the true occurrence rate of CRPS. Third, although the database represents 45% of acute care in patients in Japan, community hospitals voluntarily participated in the DPC system and patients were not randomly sampled. Fourth, our database lacks the actual duration of the tourniquet time during ORIF. We speculate that ischaemiareperfusion injury may be a critical event for the initiation of CRPS in a specific subset of patients with limb fracture treated with ORIF. Prospective studies are required to confirm this hypothesis to develop treatment and preventative strategies for CRPS. Our approach of sampling CRPS patients with specified disease duration and aetiology may help to disentangle the underlying pathophysiological mechanisms of our specific subgroups of CRPS patients in a stepwise manner.
Rheumatology key messages
. Forearm fracture is associated with a higher risk of complex regional pain syndrome (CRPS). . The risk of developing CRPS is equal in male and female limb fracture patients.
